Abstract. We report on the discovery of a z = 3.16 Lyman-α emitting blob in the GOODS South field. The blob has a total Lyα luminosity of ∼ 10 43 erg s −1 and a diameter larger than 60 kpc. The available multi-wavelength data in the GOODS field consists of 13 bands from X-rays (Chandra) to infrared (Spitzer). Unlike other discovered Lyα blobs, this blob shows no obvious continuum counter-part in any of the broad-bands. In particular, no optical counter-parts are found in the deep HST/ACS imaging available. For previously published blobs, AGN (Active Galactic Nuclei) or "superwind" models have been found to provide the best match with the data. We here argue that the most probable origin of the extended Lyα emission from the blob in the GOODS South field is cold accretion onto a dark matter halo.
Introduction
Narrow-band surveys for Lyman-α (Lyα) emitting galaxies at high redshift have recently revealed a number of luminous (up to 5 · 10 43 erg s −1 ), very extended (from a few ten kpc to more than 150 kpc) Lyα-emitting objects, so-called Lyα "blobs" (Keel et al. 1999; Steidel et al. 2000; Francis et al. 2001; Matsuda et al. 2004; Palunas et al. 2004; Dey et al. 2005; Villar-Martin et al. 2005) . At least three mechanisms have been suggested as energy sources for Lyα blobs. These are: i) hidden QSOs (Haiman & Rees 2001; Weidinger et al. 2004 Weidinger et al. , 2005 , ii) star formation and superwinds from (possibly obscured) starburst galaxies (Taniguchi et al. 2001; Ohyama et al. 2003; Mori et al. 2004; Wilman et al. 2005) , and iii) so-called cold accretion (Haiman, Spaans & Quataert 2000; Fardal et al. 2001; Keres et al. 2004; Maller & Bullock 2004; Birnboim & Dekel 2003; Sommer-Larsen 2005; Dijkstra et al. 2005(a,b) ). Cooling flows are phenomena observed in galaxy clusters for more than a decade (Fabian 1994) . They were predicted and explained by gas cooling much faster than the Hubble time through X-ray emission in the centres of clusters. Cooling emission from a galaxy, or group sized halo can be dominated by Lyα emission (e.g. Haiman 2005(a,b) ). We here present the discovery of a Lyα blob at redshift z ≈ 3.16 located in the GOODS South field.
Throughout this paper, we assume a cosmology with H 0 = 72 km s −1 Mpc −1 , Ω m = 0.3 and Ω Λ = 0.7. All magnitudes are in the AB system.
Observations and Data reduction

Observations
A 400×400 arcsec 2 section of the GOODS South field centred on R.A. = 03 h 32 m 21.8 s , Dec = −27
• 45 ′ 52 ′′ was observed with FORS1 on the VLT 8.2 m telescope Antu during two visitor mode nights on December 1-3, 2002. A total of 16 dithered exposures were obtained over the two nights for a combined exposure time of 30 ksec, all with the narrow band filter OIII/3000+51 and using standard resolution (0.2×0.2 arcsec 2 pixels). For this setup the central wavelength of the filter is 5055Å with a FWHM of 59Å, corresponding to the redshift range z = 3.126 -3.174 for Lyα.
The observing conditions were unstable during the two nights with the seeing FWHM varying between 0.
′′ 66 and 1. ′′ 25 on the first night and 1.
′′ 4 and 3. ′′ 3 on the second night. The images were reduced (de-biased and corrected for CCD pixel-topixel variations) using standard techniques. The individual reduced images were combined using a modified version of our code that optimizes the Signal-to-Noise (S/N) ratio for faint, sky-dominated sources (see Møller & Warren 1993 , for details on this code). The modification of the code was necessitated by the highly variable seeing. For object detection and photometry, we used the software package SExtractor (Bertin & Arnouts 1996) . A full description of our selection of Lyα emitters will be given in a subsequent paper. In this Letter we discuss the nature of an extended, low-surface brightness blob with a centroid of RA ( The GOODS archival data used here and their detection limits are listed in Table 1 .
Results
The spectrum of the part of the Lyα blob covered by our 1.4 ′′ slit can be seen in the top left panel of Fig. 1 . The line has the asymmetric profile expected for a high redshift Lyα emitter. In addition we detect no other emission lines in the spectrum. The most likely contaminant is OII at redshift 0.36, and no emission is observed in the spectrum where e.g. Hβ or OIII are expected at this redshift, see top right panel of Fig. 1 . This leads us to the conclusion that we are observing a Lyα-emitting object at z = 3.157. The observed velocity width of the emission line is ∼ 505 km s −1 . Corrected for the instrument resolution (of ∼ 415 km s −1 ), the intrinsic velocity width is ∼ 290 km s −1 . This is smaller than for other published blobs, with velocity widths of 500 − 2000 km s −1 (Keel et al. 1999 ; Steidel et al.
2000; Francis et al. 2001; Ohyama et al. 2003; Bower et al 2004; Dey et al. 2005) . ′′ × 18 ′′ (18 ′′ corresponds to a physical distance of ∼ 133 kpc). Numbers refer to those used in section 3. The dotted lines indicate the slit position for our follow-up spectroscopy. The slit also covered galaxy # 3, however the spectrum was too close to the edge of the slit to be observed. Bottom Plot of surface brightness as function of radius. Axes are in restframe units. The PSF of the image is illustrated by the solid line.
A contour-plot of the blob superimposed on the HST/ACS V-band image is shown in the middle panel of Fig. 1 and a plot of the surface brightness of the blob is seen in the bottom panel of the same figure. The full set of thumb-nail images of the blob in all 14 bands can be found in Fig. 2 . No obvious continuum counterpart is detected in any band. The radial size is at least 30 kpc (60 kpc diameter) with fainter emission extending out to 40 kpc radius. This can be seen as the extension to the SW in the contour-plot in Fig. 1 . The significance of the lowest contour levels is of the order of 2σ per pixel. The total Lyα luminosity, in a 30 kpc radius aperture, is L Lyα = (1.09±0.07)·10
43 erg s −1 . A conservative lower limit to the restframe equivalent width (EW) of the emission line can be given by upper limits on broad-band flux in the HST B and V filters in the same aperture. This limit is EW 220Å in the restframe. This is in the range of previously published Lyα blobs, that have a Lyα flux to B-band flux density range between 50 -1500Å in the restframe (but typically these values are derived measuring the continuum flux in a smaller aperture than the emission line flux).
There are seven objects detected in a wide range (≥ 8) of energy bands, within a 10 ′′ radius surrounding the blob. 8 other objects are detected within the V-band and one further detected in the Spitzer/IRAC bands. The photometric redshift of these objects was calculated using the public Hyperz 1 code by Bolzonella et al. (2000) . The resulting photometric redshifts for the eight objects with most data points (≥ 8) can be found in Table 2 . The other eight objects detected in the V-band had only a few detections across the spectrum and hence their photometric redshifts could not be trusted. The galaxy to the west of the blob (object # 3) was previously given a photometric redshift z phot = 0.4 by the COMBO-17 survey (Wolf et al. 2004 ), but our determination is based on photometry in a larger span of bands, and a redshift of 0.4 is ruled out with a χ 2 /d.o.f ∼ 55 in our fit. The resulting redshift, similar to the blob redshift, indicates that this galaxy may be near to the blob. Object # 6 is an intriguing object, undetected in the deep optical and near-IR imaging but bright in the Spitzer/IRAC bands. Its photometric redshift is consistent with the redshift of the blob, but with a large uncertainty. We investigated the probability to find such an object within a 4 ′′ radius (corresponding to 30 kpc physical distance, if placed at z = 3.16) of the blob by finding all object with similar SEDs in the Spitzer/IRAC bands. We found the probability to be ∼ 0.3 %, hence this object may also be associated with the blob.
Discussion
We first consider that the Lyα emission of the blob may be due to recombination of gas photo-ionized by an AGN or a starburst galaxy. If the blob is a "passive" gas cloud being illuminated and photo-ionized by a nearby AGN, then, following Cantalupo et al. (2005) , one can show that for an AGN of monochromatic luminosity L ν = L LL (ν/ν LL ) −α , in order to result in a peak blob Lyα surface brightness of Σ Lyα , the AGN has to be located at a distance of no more than where equality applies to the case where the blob gas is optically thick. No AGN has been detected in the deep Chandra image available within these distance and even if the opening cone is not pointing towards us, one should in general detect the AGN in X-rays. The second possibility discussed is that the blob Lyα emission is somehow related to starburst driven, superwind outflows. However, a starburst would have to be located within the blob to create such a Lyα halo and since no central continuum source has been detected, this can be ruled out. Even though a very massive starburst can be made invisible in the UV/optical range by dust obscuration, it should be visible in the IR, i.e. the Spitzer/IRAC bands. Moreover, the characteristic bubble Lyα emission morphology expected in this case (e.g., Matsuda et al. 2004; Mori et al. 2004 ) is not observed.
The third option is that the Lyα emission is due to cold accretion of predominantly neutral, filamentary gas onto a massive dark matter halo. For cold accretion, the bulk of the Lyα emission is produced by collisional excitation, rather than recombination. To test whether this blob can be filamentary gas accreting "cold" onto a companion galaxy, we conducted the following experiment: we calculated the Lyα surface brightness in a 100×100 kpc (projected) region for a proto-galaxy of "cooling" radiation only (so all contributions from regions with young stars were removed, as well as all emission, in general, from gas closer than 10 kpc to any star-forming region). The calculation was based on a cosmological simulation of the formation and evolution of an M31-like disk galaxy (SommerLarsen 2005; Portinari & Sommer-Larsen 2005) .
The results at z ∼ 3 are presented in Sommer-Larsen (2005) , and get to a surface brightness about an order of magnitude lower than the observed level. This is interesting, and may point to a cold accretion origin of the blob Lyα emission on a larger scale, such as filamentary gas accretion onto a galaxygroup sized halo. Another possibility is that the periods with high surface brightness are shorter than 2.5 Myr (the resolution of the simulation). Given that in a search volume of about 40000 co-moving Mpc 3 , only one such blob has been detected, it is actually comforting, that we could not reproduce the blob characteristics, by cold accretion onto this, randomly selected, M31-like galaxy. This has to be a rare phenomenon. A test for the cold accretion model would be to observe the Balmer lines. For collisionally excited hydrogen, neglecting extinction effects, the flux in Hα should only be about 3.5 percent of the Lyα flux, whereas for recombining, photo-ionized gas this ratio is ∼ 11.5 % (Brocklehurst 1971) . Hence, the relative Hα luminosity is expected to be significantly larger in the latter case. The situation is similar for Hβ, and whereas the Hα line will be very difficult to detect from the ground, Hβ should be observable.
Conclusion
We have here reported the results of an extensive multiwavelength investigation of a redshift z = 3.16 Lyα emitting blob discovered in the GOODS South field. The blob has a diameter larger than 60 kpc diameter and a total luminosity of L Lyα ∼ 10 43 erg s −1 . Deep HST imaging show no obvious optical counterpart, and the lack of X-ray or IR emission suggest there are no AGN or dusty starburst components associated with at least the centroid of the blob. Two galaxies within a 10 ′′ radius have photometric redshifts consistent with the redshift of the blob, but follow-up spectroscopy is needed to establish if there is a connection. We have run simulations of Lyα surface brightness arising from cold accretion and found that such extended Lyα emission may be explained by accretion along a filament onto a galaxy group sized dark matter halo. Another possibility is that such emission in very short lived, i.e. significantly shorter than the 2.5 Myr resolution of our simulation. We argue that other previously suggested origins of Lyα blobs (hidden AGN and "super-winds") can be ruled out in this case due to the lack of detected continuum counter-parts. Hence, though our cold accretion simulation cannot perfectly match our data, it is the only explanation that is plausible. Our results combined with the fact that previously studied blobs appear to be caused by superwinds and/or AGNs in turn implies that the energy sources for blob Lyα emission are diverse.
